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a mile or two west of the main divide. In the altitudinal level occupied by subalpine 
scrub, the bedrock is usually covered only by shallow immature soils and talus, 
though there are patches of moraine and recent alluvium. At lower altitudes, there 
are striking deposits of fluvioglacial gravels. 

Slopes within the subalpine scrub zone are steep, being typically over 4U . 
Slopes of more than 70° are frequent, and may support dense vegetation. At the 
upper margin of the scrub, there is often an abrupt decrease in the angles of slopes, 
and the upper mountain slopes are, on an average, less steep than those below 

(Plate 3, Fig. 1). . 

Because the Southern Alps lie across the prevailing westerly air streams, raintali 
in Westland is heavy. At Hokitika the average is HOin, but in the mountains it is 
much greater. No records exist, but it probably exceeds 300 inches per annum. 
Added to the rain, there is a high frequency of fog and cloud. During three months 
of the summer of 1957-58, there were no more than 10 fine sunny days. Above 
3,000ft snow can fall in any month. Winds are frequent and violent. 

The subalpine scrub forms a dense belt which extends for 500-1,000ft above 
the forest. It cannot be readily defined on a floristic basis, since nearly all the species 
also occur in the higher altitude forest. However, the upper altitudinal limit of 
Libocedrus bidwillii can usually be regarded as the treeline, setting a lower boundary 
to the scrub. Even above this boundary, there are areas of low forest, most of which 
are dominated by Hoheria glabrata . In this paper, therefore, the subalpine scrub 
zone is to be understood as embracing such low forest, in addition to true scrub. 

Botanical names are used according to Cheeseman’s Manual (1925), with the 
following exceptions: 
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Name Used in Present Paper. Name in Manual. 

Hoheria glabrata Sprag, and Sum. Gaya lyallii Baker 

Aristotelia serrata (Forst. f.) Oliver Aristotelia racemosa Hook. f. 

Coprosma pseudocuneata. Oliver Coprosma cuneata J. D. Hooker 

Coprosma depressa Col. Coprosma ramulosa Petrie 

Danthonia flavescens Hooker Danthonia raoulii var. flavescens Hackel 

Blechnum minus (R.Br.) Ckne. Blechnum capense Schlect. var. minus 

Hook. f. 

Sticherus cunninghamii (Hew. ex Hook.) Gleichenia cunninghamii Hew. 

Ching 

I. Classification of the Communities 

In the following account, the subalpine scrub vegetation is subdivided into 
categories, each named according to the most abundant dominant species. The 
following categories are recognised: 

Hoheria glabrata low forest. 

Ole aria low forest. 

Olearia colensoi scrub. 

Dracophyllum uniflorum scrub 

Dacrydium biforme scrub. 

Cliff communities. 

Under each heading, there is a description of a typical community, followed 
by a general account. All the typical communities were described in the top basin 
of the Toaroha River, while the general accounts have been compiled from observa¬ 
tions made throughout the Hokitika catchment. 

Hoheria Glabrata Low Forest 
Typical Community 

Altitude, 3,200ft. Slope, 38°. Aspect, N.E. 

Canopy. Pure Hoheria , the trees being 15—20ft tall, with diameters averaging 
10in.* Stand apparently even-aged. 

Ground Cover. Dense Polystichum vestitum. Ranunculus hirtus is the main 
plant between the clumps of fern. Coprosma depressa and Astelia cockaynei are less 
common. 

Regeneration. Hoheria seedlings up to 3 years old and 6in tall are abundant. 
Apparent saplings of Hoheria are really coppice shoots from stumps of decadent 
trees. Saplings of Olearia ilicifolia 1—10ft tall are frequent. 

Soil, lin: Matrix medium-dark brown, fine sand, with numerous small schist 
fragments; loose crumb structure. 

2in: Grey zone, probably slightly leached. 

> 5in: Light brown sand and stones. 

The material of the whole profile is loose. Roots are distributed throughout but 
are densest at 0-1 in. Earthworms are present. 

General Account 

Hoheria glabrata communities are always found on young, deep, moist, well- 
drained soils, the usual habitats being healed slips, talus slopes and alluvial fans. 
Due to the rapid erosion, these habitats are extensive, and Hoheria forest comprises 
a large proportion—perhaps a third—of the vegetation of the scrub belt. The main 
features are the dominance of Hoheria in the canopy and of Polystichum vestitum 
in the ground cover. Olearia ilicifolia is usually present, and may be co-dominant. 
Species less constantly present include Olearia lacunosa, Coprosma ciliata and 
Phormium colensoi. 

* Diameters of stems in this paper refer to the part of a stem immediately above any basal 

buttresses. 
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Below 2,500-2,800ft the numerous small trees which colonise similar habitats 
at low altitudes begin to enter; the first are Fuchsia excorticata and Aristotelia 
serrata. A community of Hypolepis millefolium, Polystichum vestitum, Danthonia 
flavescens and Phormium colensoi often develops on young, loose soils both above 
the altitudinal limits of Hoheria, and in places where the succession to Hoheria 
forest is delayed. 

The pH values of several samples of soil collected in July, 1959, were measured 
with a Marconi pH meter (Type TF 889/1), using a mixture of approximately 
2 volumes of water to 1 of soil. Two samples of soil collected under Hoheria forest 
at depths of 1-3 inches gave values of 5T and 5*3. 

(C.f. Hoheria glabrata low forest, Cockayne, 1928, p. 267.) 

Olearia Low Forest 

Typical Community. Altitude, 2,800ft. Slope, 5°. Aspect, N.E. 

Canopy. Co-dominance of Olearia lacunosa, Dracophyllum traversii and 
Hoheria glabrata. There is also some Olearia ilicifolia. The Dracophyllum traversii 
is 20—25ft tall and about lOin in diameter. The lower parts of the trunks are in¬ 
clined downhill; in some trees the trunks are prostrate for a length of 6ft, but no 
adventitious roots were detected. Olearia lacunosa is as tall, and grows to 20in in 
diameter. Hoheria glabrata is a smaller tree. 

Shrub Storey. Open, includes Coprosma ciliata and C. pseudocuneata. 

Ground Cover. This is sparse, due to browsing and trampling. Polystichum 
vestitum, Coprosma depressa and Uncinia sp. are the most important species. There 
are also Phormium colensoi and Astelia cockaynei. 

Regeneration. Seedlings of Olearia ilicifolia and O. lacunosa are common 
(being comparatively browse-tolerant or unpalatable). There are occasional young 
plants of Dracophyllum traversii. 

Soil. There is a continuous litter of Dracophyllum traversii leaves. 

4in: Fine sand, coloured dark brown by humus. 

> 8in: Grey-brown silty sand with numerous, unweathered fragments ot schist. 
Roots are mostly between the surface and 6in depth. 

General Account 

Communities such as the above occupy, like the Hoheria glabrata low forest, 
deep, moist, freely drained soils. But the soils are older with more advanced develop¬ 
ment of profile, and the communities are more varied and richer. On the old alluvial 
fan where the typical community is sited, there is considerable variation. Draco¬ 
phyllum traversii, Olearia lacunosa, O. ilicifolia and Hoheria glabrata may each be 
clearly dominant, or conversely, absent over small areas. The shrub storey shows 
similar variations. Usually the canopy of Olearia low forest is pierced by trees of 
Libocedrus bidwillii and occasionally by Podocarpus hallii. Olearia colensoi, Senecio 
elaeagnifolius and Archeria traversii are present where the tree canopy is not con¬ 
tinuous. 

Olearia Colensoi Scrub 

Typical Community. Altitude, 3,200ft. Slope, 45°. Aspect, N.E. 

General Shrub Canopy. Olearia colensoi contributes half of the canopy. The 
plants measure 12ft from ground to apex, but grow nearly horizontally. Archeria 
traversii, Senecio elaeagnifolius and Olearia lacunosa are also important. There are 
scattered bushes of Dracophyllum longifolium. 

Discontinuous Storey of Taller Shrubs. Dracophyllum traversii forms 
scattered groups. The stems are up to lOin in diameter and 20ft tall, and their 
lower parts are inclined. 



51 


Wardle— Subalpine Scrub of Hokitika Catchment 

Ground Cover. Blechnum minus forms a dense sheet, except in the darkest 
places. Scattered Phormium colensoi and Astelia cockeynei. 

Regeneration. No young plants of Dracophyllum traversii, D. longifolium and 
Archeria traversii were seen. There are occasional seedlings of Senecio elaeagnifolius 
and Olearia lacunosa. Small seedlings of Olearia colensoi are abundant everywhere, 
and they succeed in gaps. Occasional small seedlings of Hoheria glabrata do not 
become established. 

Soil. Jin: Litter. 

2in: Dark brown, structureless fine sand. 

3in: Medium brown, fine sand, with occasional schist fragments. 

> 5in: Light brown, fine sand. 

The proportion of weathering schist particles increases with increasing depth. 

General Account 

Communities similar to the one described occupy all scrub land sites where the 
slope is steep, the drainage free, the soil shallow, and the exposure not extreme. They 
comprise about half of the vegetation of the scrub zone. Their characteristic 
feature is the dense storey of shrubs, mainly Olearia colensoi , with groups of taller 
Dracophyllum traversii. Dracophyllum longifolium is usually present, and on drier 
or warmer sites, such as slight spurs and terrace faces, it may rise to dominance. 

On exposed ridges, especially those with northerly aspect, Olearia colensoi scrub 
passes gradually into communities dominated by Dracophyllum uniflorum. There is 
a corresponding decrease in height of the scrub, and an increase in the proportions 
of certain species, notably Dracophyllum longifolium, Olearia lacunosa, Gaultheria 
rupestris and Coprosma serrulata. On southerly faces low-growing communities of 
nearly pure Olearia colensoi intervene between tall scrub and grassland. 

Occasional slipping of the substratum may explain the occurrence of scattered 
plants of Hoheria glabrata and Olearia ilicifolia. Gaps often contain herbfield 
inclusions with Aciphylla (?) colensoi, Celmisia coriacea, Danthonia flavescens 
(usually the very broad-leaved form), Astelia cockaynei and Phormium colensoi. 

In a downhill direction, with the entry of Libocedrus bidwillii, Olearia colensoi 
scrub passes into high altitude forest. The following pH values were obtained from 
a soil supporting a community in which Olearia colensoi and Dracophyllum longi¬ 
folium share dominance: 


Depth 

pH 

2 in 

4.4 

4in 

4.4 

8in 

4.6 


(G.f. shrub composite scrub of Southern Alps and mountains of north-western 
district, Cockayne, 1928, p. 278.) 

Dracophyllum Uniflorum Scrub 

Typical Community. Altitude, 3,800ft. Slope, 43°. Aspect, N.E. Steep ground 
on the crest of a ridge. 

Shrub Storey. Dense clumps of Dracophyllum uniflorum 2-3 feet tall. 

Ground Cover. Mainly Blechnum minus and large moss (genus Dendroligo- 
tnchum) . Also Gaultheria sp., Suttonia nummularia , and Schoenus pauciflorus. 
Occasional clumps of Phormium colensoi, Danthonia flavescens (2 forms), and 
Celmisia coriacea. 

Regeneration. Seedlings of Dracophyllum uniflorum were not seen; but the 
bushes are propagating by “ downhill layering ”. One chance seedling of Hoheria 
glabrata seen. 
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Soil. Jin: Black humus. 

2in: Dark brown, fine sand. 

> 5in: Grey-brown, fine sand, containing weathering fragments of schist. 

General Features 

On exposed ridges, especially those with northerly aspect Olearia colensoi scrub 
peters out into Dracophyllum uniflorum communities like the one described. Further, 
Dracophyllum uniflorum is dominant in the stunted outliers of scrub which occupy 
rocky spurs up to 4,500ft. These high-altitude communities merge into grassland; 
the shrub component is predominant on steep slopes and shallow soils, the grasses 
are predominant on gentler slopes and deeper soils (Plate 3, Fig. 2). 

(C.f. Dracophyllum scrub: Cockayne, 1928, p. 280.) 

Dacrydium Biforme Scrub 

Typical Community. Altitude, 2,800ft. Slope, 23°. Aspect, N.E. 

Discontinuous Storey of Stunted Trees. Scattered Dacrydium biforme up 
to 12ft tall, with distinct erect trunks up to 16in in diameter. 

Main Shrub Storey. 3— 5ft tall, consisting of dense clumps with spaces between. 
Main species are shrub-form Dacrydium biforme , Dracophyllum longifolium, 
Olearia colensoi and Archeria traversii. Other species are Nothopanax lineare , 
N. simplex , Pittosporum divaricatum } Coprosma pseudocuneata and C. colensoi . 

Ground Cover and Low Shrubs. The herbs are found mainly between the 
clumps of bushes, and include Celmisia armstrongii, C. walkeri, Schoenus pauciflorus, 
Astelia cockeynei , Blechnum minus , Sticherus cunninghamii and Lycopodium 
scariosum. Danthonia flavescens grows in the widest gaps. Podocarpus nivalis occurs 
abundantly, and Coprosma serrulata less so, mainly within the shrubby clumps. 

Regeneration. No seedlings of Dacrydium biforme were seen, but the bushes 
propagate freely by downhill layering. All ages of Olearia colensoi and Dracophyllum 
longifolium are represented. 

Soil, Jin: Humus. 

4in: Silty loam, coloured grey by humus. There are a few small schist pebbles. 
On solid schist, weathering at top. 

The upper part of the profile is very wet, and water collected in the pit dug 
for the examination of the profile. The depth of soil varies; over a fissure in the 
bedrock it was at least 14in deep, and well drained. 

General Account 

Dacrydium biforme is conspicuous where the soils are cold and poorly drained. 
Such conditions occur on gentle slopes where the soil texture is too fine to permit 
free vertical drainage. On old moraine in the top Toaroha basin, Dacrydium biforme 
is important on puggy soils, which have developed an alpine gley profile. The 
following soil description is typical of alpine gley : 

Surface flat. Altitude, 2,500ft. The soil forms a matrix between morainic 
boulders. 

Jin: Litter. 

4-6in: Greyish brown, fine sand with loose, weak crumb structure. Many roots. 
Transition to: 

3-4in: Bluish-grey, fine sand, puggy and compact, with blocky structure. Weather¬ 
ing pebbles present, and there are also conspicuous reddish-brown blotches 
which appear to represent the last traces of pebbles destroyed by weathering. 
Sharp and irregular transition to: 

Jin: Reddish-brown, soft iron pan. This gradually lightens in colour to: 



Wardle —Subalpine Scrub of Hokitika Catchment 


53 


2-4in: Light reddish-brown, moderately compact fine sand with weathering 
pebbles. Gradual transition to: 

> 4in: Light brown, with a bluish tinge, compact sand. 

Samples taken from a soil of this type gave the foUowmg pH values: 

Depth pH 

0-2in 4.6 

4in 4.4 

12in 4.8 

Most of the Dacrydium trees here are growing over morainic bouiders which 
project up to 2 feet above the level of the surroundmg ground. They accumulate 
from several inches to a foot of black raw humus between their roots. A sample of 
tliis humus gave a pH value of 4-3. . ., 

Where the soil is shallow over solid rock, as in the typical community, the soil 
water is kept near the surface and conditions again induce Dacrydium btforme samb. 
Dacrydium biforme is also common on poorly drained soils in the forest zone, "ght 
down to lowland terraces where it is joined by the other Dacrydium spp. character- 
istic of the “ pakihi ” habitat. 

(C.f. cupressoid-podocarp scrub, Cockayne, 1928, p. It'd.) 

Cliff Communities . , „ . 

Under the excessively wet climate of Westland, cliffs cut in moraine and alluvium 
support dense vegetation. In the scrub zone, the characteristic species are Of earia 
arborescent, Dracophyllum longifolium, Carmichaelia grandif lora > f°J" 0sma 
depressa , Phormium colensoi, Danthoma cunmnghamn , and Blechnum minu . 

II. Autecological Notes on Dominant Species 

The following notes summarise the site requirements and features of the regenera- 
tion of the most important shrubs. Counts of growth rings form the basis for 
estimates of growth rate. These counts were made in the field, using a hand lens. 

The results were plotted, and estimates of growth rate have been read off. These 
estimates are merely preliminary approximations; for the slow-growing species they 
are gross over-estimates of growth rate, since microscopic examination will certainly 
reveal more rings than could be detected in the field. 

The figures in brackets following the estimates of growth rates are the approxi¬ 
mate heights and diameters attainable by mature plants in the scrub zone, but it 
must be stressed that with all the species discussed, these dimensions vary greatly 
according to the habitat. 

1 Hoheria dabrata is dominant on recent fans, slips and talus slopes between 
2 500ft and 3,500ft, but the species ranges from 1,500ft to 4,000ft. Chance seedlings 
occur nearly down to sea level. Newly germinated seedlmgs appear m P rof ^°" 
near parent trees, but they do not often survive the attacks of deer. J. T. Holloway 
(pers.com.) has noted vivipary during wet years, but it is not known whether the 

seedlings can become established. 

The tree is deciduous, and in the summer of 1957-58 the leaves did not expand 
until December. I have not ascertained the time of leaf-fall, but the total growing 
sea so n cann ot exceed four months. Despite this, H. glabrata is one of the fastest 
growing subalpine shrubs and trees, as the following estimates show: 

Height growth, 1 -5in per year (25ft). 

Growth rings per inch, 36 (24in). 

2 Olearia colensoi is the most abundant shrub of the scrub zone, and it occurs 
in all communities except Hoheria glabrata forest and the higher and more exposed 
Dracophyllum uniflorum scrub. On steep southerly faces low clumps of O. colensoi 
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occur in moist, forb-rich* grassland above the continuous scrub. The altitudinal 
range is about 2,000-3,800ft. 

O. colensoi is relatively short lived (probably it does not exceed 60 or 100 years), 
but it regenerates profusely in gaps. The following growth estimates were made: 

Height growth, 2.5in per year (12ft). 

Growth rings per inch, 40 (4in). 

3. Olearia ilicifolia grows on young soils from near sea level to 4,000ft. Scattered 
plants colonise fans and slips at the same time as Hoheria glabrata; and since the 
seedlings tolerate shading by Hoheria , it gradually increases in importance in the 
Hoheria forest. Due to the ready dispersal of the seeds, seedlings also colonise 
scattered gaps in tall scrub. They occasionally become established on sheltered 
tussock slopes well above the limits of continuous scrub, where, in 1957, they were 
severely damaged by frost. 

Estimates of growth rate: 

Height growth, 6in per year (25ft). 

Growth rings per inch, 14 (20in). 

4. Olearia lacunosa occurs occasionally in the Hoheria low forest, and is one 
of the dominants of the Olearia low forest and related communities, containing 
Libocedus bidwillii. In Olearia colensoi scrub, it is common on northerly aspects 
and in a stunted form becomes abundant in communities transitional to Dracophyllum 
uniflorum scrub. It accompanies Dacrydium biforme only on less poorly drained 
sites. The seedlings occur mainly in gaps. 

Estimates of growth rate: 

Height growth, l*5in per year (25ft). 

Growth rings per inch, 36 (24in). 

5. Dracophyllum traversii grows from 1,200ft to 3,800ft, on soils which are 
well drained. The seedlings, which appear to be shade-tolerant, are not common. 
The sparing reproduction, however, is compensated by longevity. In some places 
large isolated plants of D. traversii stand in grassland; it is possible that these remain 
from continuous scrub, the shorter-lived shrubs having died. On steep slopes groups 
of D. traversii occur, in which the lower prostrate parts of the trunks are connected. 
It remains to discover whether these groups all rise vegetatively from a single parent 
plant, or whether grafting between separate plants has occurred. 

Estimate of growth rate: 

Height growth, 0*5in per year (25ft). 

Growth rings per inch, 50 (16in). 

Thus, a tree 12in in diameter is likely to be at least 300 years old. 

6. Dracophyllum longifolium grows on all except the youngest soils. It is 
abundant from 2,500-3,500ft, but does extend from sea level to 4,000ft. It is slow- 
growing, and the lower parts of the stems tend to be prostrate. The unbranched 
stem of one sapling, growing among scrub on a 40° slope, was 17ft long, and the first 
6ft lay on the ground and bore adventitious roots. Such downhill layering often 
results in vegetative propagation. Seedlings apparently reach maturity only under 
full light or slight shade. The species is abundant where exposure, excessive drainage 
or water-logging reduce the density of the shrub canopy and so improve illumination. 
Thus, it is conspicuous in drier variations of Olearia colensoi scrub, in the transition 
between Olearia colensoi and Dracophyllum uniflorum scrub and in Dacrydium 
biforme scrub. It is also abundant in the mosaics of scrub and tussock which occupy 
gentle slopes. A stunted form occurs in Sphagnum bogs. 

7. Dracophyllum uniflorum is dominant on exposed ridges and at high altitudes. 
The seedlings are light demanding, so that the species is excluded from the scrub 


* Forb—a herbaceous plant which does not have a grassy habit. 



Plate 3. 
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Fig. 1. —The basin at the head of the Toaroha River. Note the change of slope corresponding 
to the upper limit of the scrub. The flat at the left is occupied by tussock grassland, and the 

top of the terrace supports bog. 

Fig. 2.—The upper limits of scrub on a northern aspect at the Toaroha Saddle (3,840ft). 

The shrub component is almost solely Dracophyllum uniflorum. 

Fig. 3. —Mosaic of grass and scrub on morainic area in the top Toaroha basin. The tall shrubs 
are Dracophyllum longifolium (left) and Dacrydium biforme (centre). 
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communities which occupy less rigorous habitats, and from dense Danthonia 
flavescens grassland. 

D. uniflorum has the strongest development of the downhill layering habit. 
Especially on slopes of over 30°, the branches on the downhill side become pro¬ 
cumbent, produce adventitious roots, and eventually become separated from the 
parent plant. With continual layering of the downhill branches, and death of the 
older uphill shoots, the whole colony migrates downhill. 

Estimates of growth rate: 

Height growth, 0.4in per year (5ft). 

Growth rings per inch, 110 (2in). 

These figures suggest that colonies of D. uniflorum can be extremely old. 

8. Dacrydium biforme grows on leached soils with poor drainage. The altitudinal 
range is sea level to 3,000ft, but in the upper Hokitika catchment there are few 
suitable habitats below 2,000ft. At its upper limits, D. biforme is always a low shrub 
with prostrate outer branches, while within the forest zone it is nearly always a tree. 
In an intermediate belt it occurs both as a shrub and as a tree. Plants of intermediate 
size and form are rare. The shrubby forms show marked downhill layering. 

Estimates of growth rate: 

Height growth, 0*5in per year (20ft). 

Growth rings per inch, 120 (18in). 

Some trees which exceed 18in diameter may prove to be well over 1,000 years 

old. 


III. Effect of Fire and Herbivorous Mammals on the Subalpine Scrub 
A few small areas of scrub near tracks have been burnt. An area in the middle 
Toaroha, burnt 10 years ago, is a typical example. On a 35° slope Dracophyllum 
traversii , Olearia lacunosa and O. colensoi were co-dominant before the fire. 
Phormium colensoi is now the physiognomic species. Polystichum vestitum and 
Hypolepis millefolium are also important. There is profuse regeneration of shrubs, 
now 1—3ft tall. Seedlings examined had 6-7 growth rings. The most abundant 
seedlings are those of the light demanding Olearia ilicifolia which was probably rare 
or absent in the original scrub. Seedlings of Olearia colensoi are common. There 
are also hybrids between Olearia lacunosa and O. ilicifolia. Even where this fire 
extended onto a 70° slope, there is now dense vegetation dominated by Phormium 
colensoi. 

Red deer and chamois both feed within the scrub zone, and their effects were 
not distinguished from each other. Though Hoheria glabrata is palatable, there 
does not appear to be much damage to trees in established Hoheria forest; but 
isolated Hoheria trees are usually badly damaged or killed through removal of bark 
by chewing and rubbing, and the animals are almost completely preventing regenera¬ 
tion and the establishment of new Hoheria communities on bared areas. The usual 
community of young alluvial fans and healing slips is now an open one containing 
Poa cockayniana, Helichrysum bellidioides , Danthonia cunninghamii and browsed, 
suckering Carmichaelia grandifolia; on steep slopes Hypolepis millefolium is 
dominant. These communities are being invaded gradually by shrubs, especially 
the browse-resistant Olearia ilicifolia. 

In the true scrub communities the impenetrability and low palatability of most 
of the species discourage the deer and chamois. Therefore their activity is mostly 
confined to the formation of sharply defined tracks on the crests of spurs and ridges, 
leading from the forest to the grassland. Along these tracks, shrubs die and are 
not replaced. The tracks tend to enlarge into erosion channels, and such grassland 
species as Danthonia flavescens and Celmisia spp. enter. Away from the tracks there 
are surviving plants of highly palatable species, notably Nothopanax colensoi and 
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Table I.—GENERAL RELATIONSHIP BETWEEN ENVIRONMENT AND GROUPING OF MAIN SHRUB SPECIES. 
Soil Soil Soil Age Altitude Shrub Species Community 


Drainage Depth Exposure 


Good 

Young 

0. ilicifolia H. glabrata ^ 

H. glabrata low forest 

Deep --- 

Older 

O. lacunosa D. traversii O. ilicifolia H. glabrata j 

Olearia low forest 

Shallow 

High Alt. 
Extreme Exp. 

D. uniflorum 

D. uniflorum scrub 

Exp. not 
extreme 

O. colensoi D. longifolium O. lacunosa D. traversii 

O. colensoi scrub 

Pn r>r 



O. colensoi D. longifolium D. biforme j 

D. biforme scrub 

Very Poor 

D . longifolium D. biforme 

Mosaic of boggy grassland 
and D. biforme scrub 
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Table II.—RELATIONSHIP BETWEEN ENVIRONMENT AND GROUPING OF MAIN SHRUB SPECIES 
WITHIN OLEARIA COLENSOI SCRUB AND RELATED COMMUNITIES. 


Altitude 

Aspect 


Soil 

Moisture 


Shrub Species 


Community 


High Alt. 

Extreme Exp. 

D. uniflorum 

D. uniflorum scrub 

Highly Exp. 

Nth. aspect 

0. colensoi D. longifolium D. traversii 0. lacunosa D^uniflorum 

O. colensoi scrub transitional to¬ 
wards D. uniflorum scrub 

Moderately 

Sheltered 

North 

Aspect 

Relat. 

dry 

O. colensoi D. longifolium D. traversii O. lacunosa 

Scrub on slight spurs and terrace 
faces, with D. longifolium rising 
to co-dominance or dominance. 

Moist 

O. colensoi D. longifolium D. traversii O. lacunosa 

Fullest development of O. colensoi 
scrub 

Moderately 

Sheltered 

South 

Aspect 

Relat. 

dry 

O. colensoi D. longifolium D. traversii 

Scrub on slight spurs of south 
aspect, with D. longifolium rising 
to co-dominance or dominance. 

Moist 

O. colensoi 1 D. longifolium D. traversii 

Well developed O. colensoi scrub 
on south aspect. 

High Alt. 

Moderately 

Sheltered 

Sth. aspect. 

O. colensoi 

Pure community of low growing 
0. colensoi 


Explanation of underlining in Tables I and II. 

O. colensoi —Species is dominant. 

O. colensoi —Species is co-dominant. 

D. longifolium —Species is important, but not dominant or co-dominant. 
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N. simplex. Along the margins between scrub and grassland, and in places where 
shrubs are scattered through grassland, less palatable species—especially Draco - 
phyllum anil lor um —are heavily browsed in the winter. 

From the point of view of the control of deer and chamois the scrub belt is 
important. Its position as a barrier between forest and grassland allows the animals 
to use the uppermost forest almost undisturbed by hunters, who work cither from 
the valley tracks or from the grassland. This uppermost forest is severely damaged 
throughout the Hokitika catchment. 

Hares are present, and in winter they probably make considerable use of the 
scrub, but their effects were not recognised. 

Mature specimens of Hoheria glabrata, Olearia colensoi, O. lacunosa and 

O. ilicifolia growing within the forest zone are often badly defoliated and, at least 
sometimes, opossums are responsible. However, no serious damage to the subalpine 
scrub was noted, although the animals range throughout. There is an exception to 
this statement; on fault-shattered terrain above the Kokatahi gorge, areas of scrub 
have died. Opossums are notoriously thick in the forest below, and probably over¬ 
population has forced numbers of them into the scrub. 

Discussion 

1, Factors Determining the Grouping of Scrub Species 

The ranges of species in the subalpine scrub are apparently determined by their 
tolerances in respect to several sets of factors, especially soil depth and drainage, 
altitude and exposure, and light available to the seedlings. A community is formed 
by species whose tolerances overlap; the richest communities are included in the 
Olearia colensoi scrub, where there is most overlap (Tables 1 and 2). 

There is a close connection between variations in soil and vegetation. The soils 
which support Hoheria glabrata forest arc immature, deep, moist and well-drained. 
Olearia forest grows on similar, but older, soils; the richer communities, which 
include the very slow-growing Draco phyllum traversii among the dominant trees, 
and the more developed soil profiles reflect the longer occupation. Olearia colensoi 
scrub and Dracophyllum uniflorum scrub usually grow on sites so steep that the 
shallow soils cannot develop more than rudimentary profiles, though occasionally 
one sees deep, brownish-yellow sub-soils which indicate greater maturity of profile. 
The poorly-drained soils which support Dacrydium biforme have well-developed 
leached or gley horizons. The fine puggy texture which impedes the drainage of 
some of these soils may itself be a result of advanced weathering. 

It is most probable that differences in nutrient status among these soils influence 
the vegetation quite so much as do the physical differences. For example, the 
favourable physical properties of the soils which support Hoheria glabrata forest 
are possibly reinforced by a better nutrient status. The possibility receives some slight 
support from the two measurements of pH, which were 0*3 and 0-4 units higher 
than the highest readings from soils supporting other communities. 

To a certain extent, altitude and exposure have similar effects on the vegetation. 
Thus, Dracophyllum uniflorum ascends highest and is also dominant on sharp ridge 
crests. However, Olearia colensoi is the uppermost shrub on moist southerly faces, 
perhaps because it can compete with dense Danthonia flavesccns. 

The light demands of seedlings have important bearing on regeneration and 
succession. Dracophyllum longifolium and D. uniflorum seedlings demand most 
light for their establishment, and this is in keeping with the preponderance of these 
species on spurs and ridges. Where there is full light and suitable soil conditions, 
Hoheria glabrata and Olearia ilicifolia seedlings arc the most rapidly growing; thus 
they are able to occupy their preferred sites to the initial exclusion of other shrubs 



59 


Wardle — Subalpine Scrub of Hokitika Catchment 

and trees. The seedlings of both species also at least survive under the canopy of 
Hoheria forest. Olearia lacunosa seedlings may be a little more shade-tolerant. The 
seedlings of Olearia colensoi, Senecio elaeagnifolius and Nothopanax colensoi become 
established freely in all but the deepest shade, but apparently they reach maturity 
only in gaps. Dacrydium biforme seedlings grow steadily under a fairly dense shrub 
canopy; in their light requirements they seem similar to most other podocarp seed¬ 
lings. Dracophyllum travers'd seedlings are rarely seen, but they too appear to be 
shade-tolerant. 

2. The Transition from Subalpine Scrxib to Forest 

The subalpine scrub replaces forest in severe habitats where the canopies can 
attain heights of only 2—30ft. Taller scrub passes into low forest, where many of 
the stunted trees have massive gnarled trunks up to 20 inches diameter. The tran¬ 
sition from forest to scrub taken as the upper limit of Libocedrus bidwillii occurs at 
2,600-3,200ft. 

Libocedrus bidwillii ascends highest on northerly aspects. In the top Toaroha 
basin, Libocedrus trees project through understories corresponding to Dacrydium 
biforme scrub and to Olearia forest. The altitudinal limit is 3,000ft in both cases, 
and would thus appear to be controlled by temperature; but whereas the trees grow 
to 30ft tall when associated with species of the Olearia forest, they are usually stunted 
to 10ft or 15ft when associated with Dacrydium biforme. The fact that Hoheria 
glabrata forest ascends as high as continuous scrub also shows that favourable soil 
conditions can outweigh climatic disadvantages. 

3. The Transition from Subalpine Scrub to Grassland 

The altitude of the transition from scrub to mountain grassland varies widely, 
largely according to the slope of the ground. Continuous scrub attains its highest 
altitudes (about 4,000ft) on steep slopes with northerly aspect, and patches of 
Dracophyllum aniflorum occur at 4,500 feet on rocky spurs. In the Hokitika catch¬ 
ment, the upper limit of the scrub frequently corresponds to the sharp change of 
slope between steep, lower slopes leading down to the entrenched valleys and 
moderate upper mountain slopes. Tussock grassland communities are favoured by 
moderate slopes and hollows; on valley flats they can descend to 1,200ft (at Prices 
Flat) and abut on lowland forest (PI. 3, Figs. 1 and 2). 

On gentle slopes, especially below 3,000ft, a remarkable savannah-like vegetation 
is frequent, with islands of scrub scattered through tussock grassland. Some 10 acres 
of such “ savannah 55 occupy the highest, flattest part of the morainic area in the top 
Toaroha basin (PI. 3, Fig. 3). There, hollows support bog communities, and in 
some there is accumulation of peat. Steeper ground, with slopes for example of 20°, 
have patches of dense scrub, predominantly comprised of Olearia colensoi and 
Dracophyllum longifolium , but also including Dacrydium biforme. The remainder 
of the surface is occupied by a mixture of shrubs and such species of boggy grassland 
as the narrow-leaved form of Danthonia flavescens , Celmisia armstrongii , Schoenus 
paucijlorus , Carpha alpina and Oreobolus pectindtus. The shrubs, which range in 
age from seedlings to rotting stumps, include Dracophyllum longifolium , Archeria 
travers'd , Dacrydium biforme , Fittosporum divaricatum , Podocarpus nivalis and 
Coprosma pscudocuneata , but not Olearia colensoi. The soils in this morainic area 
arc old, and their drainage is impeded. But in the same basin, there is an extensive 
alluvial fan, sloping gently at about 5°. The soils here are freely-drained, coarse 
gravels which show little development of profile. The vegetation is again a mosaic, 
hut one component is related to the Hoheria glabrata forest, and the other to a serai 
type of grassland. The main species are Hoheria glabrata , Olearia ilicifolia , Coprosma 
ciliata, C. rugosa, Aristotelia fruticosa , Polystichum vestitum , the form of Danthonia 
flavescens with conspicuous light-coloured midribs, Poa cockayniana, Phormium 
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colensoi, Uncinia sp., Cotula perpusilla, Helichrysum bellidioides , Uuehlenbeckia 
axillaris and Hypolepis millefolium. Grassland gives every appearance of being the 
climax vegetation on this fan; the shrub component is maintained by the frequent 
changes of stream course. Thus, we have grassy vegetation conspicuous on two 
neighbouring areas within the scrub zone, which resemble each other in their gentle 
slopes, and contrast strongly in soil characters. 

Topography, therefore, has a marked influence on the distribution of scrub 
and grassland, but it is uncertain how this influence is exerted. The two contrasting 
examples of mixed scrub and grassland indicate that soil factors are not necessarily 
responsible. The explanation may lie in microclimate factors, such as ponding of 
cold air and depth of snow. 

The low timber line and the wide scrub belt contrast sharply with the conditions 
on the mountains in the adjacent part of Canterbury, where the timber line of 
Nothofagus cliffortioides reaches 4,600ft in places and subalpine scrub is poorly 
represented. The difference must be explained either by the absence of Nothofagus 
in central Westland, or by the marked differences in climate. The summer climates 
especially differ; in the Westland mountains the summer is cool, sunless, and the 
average annual rainfall probably exceeds 300 inches, whereas in the Canterbury 
mountains, the summer is sunny, and although the annual rainfall exceeds 50 
inches, it is largely offset by the dry, warm, fohn winds. 

4. Growth Rates , Habit and Regeneration 

The growth rates of the dominant species, though falling over a wide range, are 
markedly less than the growth rates of the dominants of the forest below. In this 
respect, as in their low stature, they show adaptation to the rigorous climate. Hoheria 
dabrata and the composites comprise the faster growing species and Dacrydium 
biforme and the epacrids comprise the slower growing species. The former group 
all regenerate freely, at least where light conditions are suitable, and in the absence 
of browsing animals. Seedlings of the slow-growing species on the other hand are 
only occasionally encountered (with the exception of D. longifolium } whose seedlings 
may be abundant in well-lighted places). But longevity and, in Dracophyllum 
uniflorum , D. longifolium and Dacrydium biforme vegetative reproduction through 
downhill layering, appear to compensate for scarcity of seedlings. 

This downhill layering is only the extreme development of a feature found in 
all the scrub species—i.e., the tendency for the lower part of the trunk to lie prostrate 
or inclined in a downhill direction. The very limited annual increment of wood 
in the stems may explain this tendency; and young stems growing in the shade of 
taller shrubs are weaker than those growing in the open. On steep slopes, the direct 
action of gravity in producing the prostrate habit may be reinforced by movement 
in the upper 12in of the soil mantle, and by weight of snow. The form of the shrubs 
is well adapted to the environment. The violent winds rarely cause breakage, and 
heavy snow can press shrubs at least 2ft tall to the ground without damaging them. 

A large proportion of Libocedrus bidwillii trees near the upper forest limits are 
dead or dying, and saplings and young trees were not seen. But seedlings up to 3ft 
tall seem to be quite plentiful. A similar discontinuity within populations of 
Dacrydium biforme in the lower part of the scrub zone has already been described 
(p. 55). A careful census of populations of these long-lived species would be worth 
while, for they may reveal a counterpart in our mountains of the “ Little Ice Age ” 
in Europe. In the European Alps the glaciers advanced from the end of the sixteenth 
century until the middle of the nineteenth century, and since then retreat has been 
rapid. The behaviour of the glaciers is related to climatic variations, which have 
also influenced the behaviour of the vegetation. For instance, markedly increased 
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regeneration of timber line conifers has followed the recent amelioration of climate 
in both the European Alps and the Finnish Arctic (see, for example, Gams 1954). 
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